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Description

BACKGROUND OF THE INVENTION

�[0001] The present invention relates to a plasma processing apparatus and a method of operating thereof. More
specifically, the present invention relates to method and apparatus to confine plasma and to enhance flow conductance
in plasma processing reactors. The apparatus and method according to the present invention may particularly be applied
in plasma processing applications of semiconductor wafers.
�[0002] Plasma processing of semiconductor wafers in the manufacture of microelectronic integrated circuits is used
in dielectric etching, metal etching, chemical vapor deposition and other processes. In semiconductor substrate process-
ing, the trend towards increasingly smaller feature sizes and line-�widths has placed a premium on the ability to mask,
etch, and deposit material on a semiconductor substrate, with greater precision.
�[0003] Typically, etching is accomplished by applying radio frequency (RF) power to a working gas supplied to a low
pressure processing region over a substrate supported by a support member. The resulting electric field creates a
reaction zone in the processing region that excites the working gas into a plasma. The support member is biased to
attract ions within the plasma towards the substrate supported thereon. Ions migrate towards a boundary layer of the
plasma adjacent to the substrate and accelerate upon leaving the boundary layer. The accelerated ions produce the
energy required to remove, or etch, the material from the surface of the substrate. As the accelerated ions can etch
other components within the processing chamber, it is important that the plasma be confined to the processing region
above the substrate.
�[0004] Unconfined plasmas cause etch-�byproduct (typically polymer) deposition on the chamber walls and could also
etch the chamber walls. Etch- �byproduct deposition on the chamber walls could cause the process to drift. The etched
materials from the chamber walls could contaminate the substrate by re-�deposition and/or could create particles for the
chamber. In addition, unconfined plasmas could also cause etch-�byproduct deposition in the downstream areas. The
accumulated etch-�byproduct can flake off and result in particles. To reduce the particle issues caused by the deposition
of etch- �byproduct in the downstream areas, an additional downstream clean is needed, which could reduce process
throughput and increase processing cost.
�[0005] Confined plasmas could reduce chamber contamination, chamber cleaning and improve process repeatability
(or reduce process drift). Plasma confinement devices, such as a slotted plasma confinement ring (described below),
have been developed to confine plasma. Certain front end of line (FEOL) applications, such as contact etch and high
aspect ratio trench etch, require relatively low process pressure (e.g. ≤ 4 Pa (30 mTorr)) under relatively high total gas
flow rate (e.g. between about 900 sccm to about 1500 sccm). Plasma confinement devices, such as a slotted plasma
confinement ring, could cause flow resistance for the gas flow to the downstream and results in pressure in the plasma
chamber that is not low enough (e.g. ≤ 4 Pa (30 mTorr)) for the FEOL applications described.
�[0006] Therefore, there is a need for an improved method and apparatus that not only confine plasma within a process-
ing region inside the plasma chamber but also enhance flow conductance.

SUMMARY OF THE INVENTION

�[0007] All or parts of the problems in the state of the art are overcome by the apparatus according to claim 1 and by
the method according to claim 7. Further features, aspects, details and advantages of the present invention are evident
by the dependent claims, the description and the drawings.
�[0008] The embodiments of the present invention generally relate to a method and an apparatus to confine a plasma
within a processing region in a plasma processing chamber. The apparatus includes an annular ring with a gap distance
with the chamber wall at between about 20.32 mm (0.8 inch) to about 38.10 mm (1.5 inch). ln addition to the annular
plasma confinement ring, the plasma can also be confined by reducing a voltage supplied to the top electrode by a
voltage ratio during plasma processing and supplying the remaining voltage supplied to the top electrode at a negative
phase at the substrate support and the substrate, if the substrate is present during processing. The voltage ratio can be
adjusted by changing the impedances of the substrate support and the dielectric seal surrounding the top electrode.
Lowering top electrode voltage by a voltage ratio and supplying the remaining voltage supplied to the top electrode at
a negative phase at the substrate support reduce the amount of plasma got attracted to the grounded chamber walls
and thus improves plasma confinement. This method of plasma confinement is called impedance confinement. Plasma
confinement can be improved by using either the described annular ring, the impedance confinement scheme or a
combination of both.
�[0009] The embodiments of the present invention generally relate to a method and an apparatus to confine plasma
and to enhance flow conductance in plasma processing reactors. In one embodiment, an apparatus configured to confine
a plasma within a substrate processing region during processing a substrate in a plasma processing chamber comprises
a substrate support having one or more dielectric layers, an annular ring surrounding the top portion of the substrate
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support, wherein there is a gap between the annular ring and process chamber walls having a gap width from about
20.32 mm (0.8 inch) to about 38.10 mm (1.5 inch), and a dielectric seal placed between a top electrode and a process
chamber body, wherein impedances of the top electrode, the dielectric seal, the substrate along with the substrate
support, and plasma reduce a voltage supplied to the top electrode by a voltage ratio and supply the remaining voltage
supplied to the top electrode at a negative phase at the substrate and the substrate support during plasma processing.
�[0010] In another embodiment, an apparatus configured to confine a plasma within a processing region in a plasma
processing chamber comprises an annular ring surrounding the top portion of a substrate support, wherein there is a
gap between the annular ring and process chamber walls with gap width equaling to or greater than about 20.32 mm
(0.8 inch) and not greater than 38.10 mm (1.5 inch).
�[0011] In another embodiment, an apparatus configured to confine a plasma within a substrate processing region
during processing a substrate in a plasma processing chamber comprises a substrate support having one or more
dielectric layers, a dielectric seal surrounding a top electrode, wherein impedances of the top electrode, the dielectric
seal, the substrate along with the substrate support,� and plasma reduce a voltage supplied to the top electrode by a
voltage ratio and supply the remaining voltage supplied to the top electrode at a negative phase at the substrate and
the substrate support during plasma processing.
�[0012] In another embodiment, a method of confining a plasma within a substrate processing region during substrate
processing in a plasma processing chamber comprises placing a substrate on a substrate support in a plasma processing
chamber with a top electrode, an annular ring surrounding the top portion of the substrate support with a gap between
the annular ring and process chamber walls having a gap width from about 20.32 mm (0.8 inch) to about 38.10 mm (1.5
inch), flowing process gas�(es) into the plasma chamber, and creating a plasma in the plasma process chamber.
�[0013] In another embodiment, a method of confining a plasma within a substrate processing region during substrate
processing in a plasma processing chamber comprises placing a substrate on a substrate support in a plasma processing
chamber having a top electrode, a dielectric seal surrounding the top electrode, an annular ring surrounding the top
portion of the substrate support with a gap between the annular ring and process chamber walls having a gap width
from about 20.32 mm (0.8 inch) to about 38.10 mm (1.5 inch), flowing process gas�(es) into the plasma chamber, and
creating a plasma in the plasma process chamber by supplying a voltage ratio of the voltage supplied to the top electrode
and supplying the remaining voltage supplied to the top electrode at a negative phase at the substrate and the substrate
support.
�[0014] In yet another embodiment, a method of confining a plasma within a substrate processing region during substrate
processing in a plasma processing chamber comprises placing a substrate on a substrate support in a plasma processing
chamber with a top electrode, and a dielectric seal surrounding the top electrode, flowing process gas�(es) into the plasma
chamber, and creating a plasma in the plasma process chamber by supplying a voltage at a voltage ratio of the voltage
supplied to the top electrode and supplying the remaining voltage supplied to the top electrode at a negative phase at
the substrate and the substrate support.
�[0015] The invention is also directed to an apparatus for carrying out the disclosed methods and including apparatus
parts for performing each described method steps. These method steps may be performed by way of hardware com-
ponents, a computer programmed by appropriate software, by any combination of the two or in any other manner.
Furthermore, the invention is also directed to methods by which the described apparatus operates. It includes method
steps for carrying out every function of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0016] So that the manner in which the above recited embodiments of the invention are attained and can be understood
in detail, a more particular description of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to be considered limiting of its scope,
for the invention may admit to other equally effective embodiments. It shows:
�[0017] Figure 1A shows the process flow of processing a substrate in a plasma chamber.
�[0018] Figure 1B shows a schematic drawing of a plasma processing chamber.
�[0019] Figure 2 (Prior Art) shows a schematic drawing of a slotted plasma confinement ring.
�[0020] Figure 3A shows a schematic drawing of a plasma processing chamber with one embodiment of an annular
plasma confinement ring in the process chamber.
�[0021] Figure 3B shows a schematic drawing of a plasma processing chamber with another embodiment of an annular
plasma confinement ring in the process chamber.
�[0022] Figure 3C shows the simulated results of plasma density ratio and chamber pressure as a function of the gap
width.
�[0023] Figure 3D shows the simulated result of plasma density in the plasma processing chamber when the gap width
between the annular ring and the chamber walls is 12.70 mm (0.5 inch).



EP 1 686 611 B1

4

5

10

15

20

25

30

35

40

45

50

55

�[0024] Figure 3E shows the simulated result of plasma density in the plasma processing chamber when the gap width
between the annular ring and the chamber walls is 76.20 mm (3 inches).
�[0025] Figure 4A shows the voltage between the top electrode and the grounded cathode when the voltage ratio is 1
(or source voltage fully supplied at top electrode).
�[0026] Figure 4B shows the voltage between the top electrode and the grounded chamber wall when the voltage ratio
is 1 (or source voltage fully supplied at top electrode).
�[0027] Figure 4C shows the voltage between the top electrode and the cathode when the voltage ratio is 0.5 (or half
of source voltage is supplied at top electrode).
�[0028] Figure 4D shows the voltage between the top electrode and the grounded chamber wall when the voltage ratio
is 0.5 (or half of source voltage is supplied at top electrode).
�[0029] Figure 5A shows the simulated plasma density ratio as a function of voltage ratio.
�[0030] Figure 5B shows the simulated result of plasma density in the plasma processing chamber when the gap width
between the annular ring and the chamber walls is 38.10 mm (1.5 inch) and the voltage ratio is 1.
�[0031] Figure 5C shows the simulated result of plasma density in the plasma processing chamber when the gap width
between the annular ring and the chamber walls is 38.10 mm (1.5 inch) and the voltage ratio is 0.5.
�[0032] Figure 5D shows the simulated result of power deposition in the plasma processing chamber when the gap
width between the annular ring and the chamber walls is 38.10 mm (1.5 inch) and the voltage ratio is 1.
�[0033] Figure 5E shows the simulated result of power deposition in the plasma processing chamber when the gap
width between the annular ring and the chamber walls is 38.10 mm (1.5 inch) and the voltage ratio is 0.5.
�[0034] Figure 6 shows a circuit drawing between the top electrode, the cathode and the chamber walls.
�[0035] To facilitate understanding, identical reference numerals have been used, where possible, to designate identical
elements that are common to the figures. The drawings in the figures are all schematic and not to scale.

DETAILED DESCRIPTION OF THE DRAWINGS

�[0036] The process of processing a substrate in a plasma process chamber is shown in Figure 1A. The process starts
at step 201 by placing a substrate in a plasma process chamber. Next, at step 202, process gas�(es) is flown into the
plasma process chamber. Then, at step 203, a plasma is created in the plasma process chamber. At step 204, the
substrate is processed in the plasma process chamber. The processing conducted in the plasma process chamber could
be deposition, etching, or plasma-�treatment. The concept of the invention applies to any type of plasma processing.
�[0037] Figure 1B illustrates an example of a plasma reactor, such as the ENABLER® etch system manufactured by
Applied Materials, Inc., of Santa Clara, California, that includes a reactor chamber 100, which may include liners to
protect the walls, with a substrate support (or pedestal) 105 at the bottom of the chamber supporting a semiconductor
wafer 110. The chamber 100 is bounded at the top by a disc shaped overhead aluminum electrode 125 supported at a
predetermined gap length above the wafer 110 on grounded chamber body 127 by a dielectric (quartz) seal 130. A
power generator 150 applies very high frequency (VHF) power to the electrode 125. VHF is typically between about 30
MHz to about 300 MHz and is one of the RF bands, which range from about 10 kHz to about 10 GHz. In one embodiment,
the VHF source power frequency is 162 MHz for a 300 mm wafer diameter. VHF power from the generator 150 is coupled
through a coaxial cable 162 matched to the generator 150 and into a coaxial stub 135 connected to the electrode 125.
The stub 135 has a characteristic impedance, resonance frequency, and provides an impedance match between the
electrode 125 and coaxial cable 162 or the VHF power generator 150. The chamber body is connected to the VHF return
(VHF ground) of the VHF generator 150. Bias power is applied to the wafer by a bias power RF signal generator 200
coupled through a conventional impedance match circuit 210 to the wafer support 105. The power level of the bias
generator 200 controls the ion energy near the wafer surface. The bias power (typically at 13.56 MHz) is typically used
to control ion energy, while the VHF source power is applied to the overhead electrode to govern plasma density. A
vacuum pump system 111 evacuates the chamber 100 through a plenum 112.
�[0038] The substrate support 105 includes a metal pedestal layer 5505 supporting a lower insulation layer 5510, an
electrically conductive mesh layer 5515 overlying the lower insulation layer 5510 and a thin top insulation layer 5520
covering the conductive mesh layer 5515. The semiconductor workpiece or wafer 110 is placed on top of the top insulation
layer 5520. The substrate support 105 and the wafer 110 form a cathode during substrate processing. If the wafer 110
is not present, the substrate support 105 is the cathode during plasma processing. The electrically conductive mesh
layer 5515 and the metal pedestal layer 5505 may be formed of materials such as molybdenum and aluminum respectively.
The insulation layers 5510 and 5520 may be formed of materials such as aluminum nitride or alumina. The conductive
mesh layer 5515 supplies the RF bias voltage to control ion bombardment energy at the surface of the wafer 110. The
conductive mesh 5515 also can be used for electrostatically chucking and de-�chucking the wafer 110, and in such a
case can be connected to a chucking voltage source in the well- �known fashion. The conductive mesh 5515 therefore is
not necessarily grounded and can have, alternately, a floating electric potential or a fixed D.C. potential in accordance
with conventional chucking and de-�chucking operations. The wafer support 105, in particular the metal pedestal layer
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5505, typically (but not necessarily) is connected to ground, and forms part of a return path for VHF power radiated by
the overhead electrode 125.
�[0039] In order to improve the uniformity of impedance across the substrate support, a dielectric cylindrical sleeve
5550 is designed to surround the RF conductor 5525. The axial length and the dielectric constant of the material con-
stituting the sleeve 5550 determine the feed point impedance presented by the RF conductor 5525 to the VHF power.
By adjusting the axial length and the dielectric constant of the material constituting the sleeve 5550, a more uniform
radial distribution of impedance can be attained, for more uniform capacitive coupling of VHF source power.
�[0040] A terminating conductor 165 at the far end 135a of the stub 135 shorts the inner and outer conductors 140,
145 together, so that the stub 135 is shorted at its far end 135a. At the near end 135b (the unshorted end) of the stub
135, the outer conductor 145 is connected to the chamber body via an annular conductive housing or support 175, while
the inner conductor 140 is connected to the center of electrode 125 via a conductive cylinder or support 176. A dielectric
ring 180 is held between and separates the conductive cylinder 176 and the electrode 125.
�[0041] The inner conductor 140 can provide a conduit for utilities such as process gases and coolant. The principal
advantage of this feature is that, unlike typical plasma reactors, the gas line 170 and the coolant line 173 do not cross
large electrical potential differences. They therefore may be constructed of metal, a less expensive and more reliable
material for such a purpose. The metallic gas line 170 feeds gas inlets 172 in or adjacent the overhead electrode 125
while the metallic coolant line 173 feeds coolant passages or jackets 174 within the overhead electrode 125.
�[0042] As described earlier, unconfined plasmas cause etch-�byproduct (typically polymer) deposition on the chamber
walls and could also etch the chamber walls. Etch- �byproduct deposition on the chamber walls could cause the process
to drift. The etched materials from the chamber walls could contaminate the substrate by re-�deposition and/or could
create particles for the chamber. In addition, unconfined plasmas could also reach the downstream areas of the processing
zone and cause etch- �byproduct, which is typically polymer, deposition in the downstream areas. The etch- �byproduct
deposited in the downstream areas is difficult to clean. The accumulated etch-�byproduct can flake off and result in
particles. To reduce the particle issues and cleaning time, a slotted confinement ring 50 (see Figure 2 prior art) placed
around the wafer 110 and between the overhead electrode 125 and substrate support 105 had been previously proposed.
�[0043] Figure 2 (prior art) illustrates a perspective view of a slotted confinement ring 50 that has been previously
proposed to confine plasma. The details of the slotted confinement ring 50 are further described in commonly assigned
U.S. patent application serial number 10/418,996, entitled "Apparatus And Method To Confine Plasma And Reduce
Flow Resistance In A Plasma Reactor, filed April 17, 2003. The slots in the confinement ring 50 allow the process gas
mixture to pass through and reduce the flow resistance across the chamber 100. The confinement ring 50 includes a
baffle 55 and a base 58 coupled to a bottom portion of the baffle 55. The base 58 is generally configured to provide
electrical grounding and mechanical strength for the confinement ring 50. The baffle 55 defines an opening 70 at its top
portion. The opening 70 is configured to receive the showerhead of the gas distribution plate 125 so that gases flowing
through the showerhead will be confined within the processing region 72 inside the baffle 55. The baffle 55 further
includes a plurality of slots 57 and a plurality of fingers 59, disposed around the wafer 110. Neutrals in the plasma are
configured to pass through the slots 57 into the plenum 112.
�[0044] Although the slotted confinement ring 50 provides good plasma confinement and the slots 57 in the confinement
ring 50 reduce flow resistance across the chamber 100 low enough for most applications, for some FEOL applications,
the flow resistance is too high. As described earlier, front end of line (FEOL) applications, such as contact etch and high
aspect ratio trench etch, require relatively low process pressure (e.g. ≤ 4 Pa (30 mTorr)) and high total gas flow rate
(e.g. between about 900 sccm to about 1500 sccm). The flow resistance created by the slotted confinement ring could
make the chamber pressure rise above the required low pressure range for these applications. Therefore, there is a
need to design a confinement ring that not only confines plasma but also further reduces flow resistance.
�[0045] Since plasma density is relatively low near the wall, an annular ring placed around the substrate 110 with a
distance (or gap) from the inner chamber wall 128 could possibly have the same level of plasma confinement as the
slotted confinement ring design, and yet decrease the flow resistance. The distance (or gap) between the edge of the
annular ring and the inner chamber wall 128 can not be too large. If the gap distance is larger than the plasma sheath
thickness near the chamber wall, it could increase the amount of plasma being drawn away from the reaction zone above
the wafer and toward the chamber wall and downstream, which makes the plasma less confined. The distance (or gap)
between the edge of the annular ring and the inner chamber wall 128 cannot be too small either, since the flow resistance,
which affects the chamber pressure, would increase to an unacceptable level. Therefore, an annular plasma confinement
ring, placed around the substrate 110 with a suitable distance from the inner chamber wall 128, is proposed to meet the
requirement of good plasma confinement and low flow resistance.
�[0046] Figure 3A shows a schematic drawing of an embodiment of the processing chamber with an annular plasma
confinement ring 115. The annular ring 115 could be made of conductive materials, such as silicon carbide (SiC) or
aluminum (AI). The annular ring 115 surrounds the wafer 110. The annular ring 115 is coupled to the grounded chamber
body 127 and is electrically separated from the substrate support 105 by a dielectric (quartz) ring 120, which is needed
to prevent the conductive annular ring 115 from touching the substrate 110 and conductive mesh layer 5515 to prevent
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eliminating the effect of bias power. The lowest point of the dielectric ring 120 should be below the lowest point of the
conductive mesh layer 5515. The top surface of the annular ring 115 should be at about the same surface plane as the
substrate 110 to allow substrate 110 to be placed properly on the substrate support 105 and to minimize flow re-�circulation.
The top surface of the dielectric ring 120 could be at the same height as the top surface of substrate 110 and the top
surface of the annular ring 115, as shown in the embodiment in Figure 3A. The top surface of the dielectric ring 120
could also be slightly lower than the top surface of substrate 110 and the top surface of the annular ring 115, as shown
in another embodiment in Figure 3B. In the embodiment shown in Figure 3B, the plasma confinement annular ring 115
is place on top of the dielectric ring 120.
�[0047] The annular ring 115 is away from the inner chamber wall 128 at a gap width 117. The thickness 119 of the
top section of the annular ring 115 should not be too thick, since the flow resistance would increase with increasing
thickness 119. According to the invention the thickness 119 is in the range between about 3.18 mm (1/8 inch) to about
6.75 mm (1/4 inch). The corner 118 of the annular ring is used to provide the annular ring mechanical strength, since
the top section with thickness 119 is limited in its thickness and mechanical strength. Structures other than the corner
118 that can provide mechanical strength can also be used.
�[0048] In order to better understand the impact of the gap width 117 to the effectiveness of plasma confinement and
the chamber pressure, chamber plasma density and pressure simulations have been conducted for the annular ring
design and the slotted ring design for comparison. For chamber pressure simulation, computation fluid dynamics (CFD)
software CFD-�ACE+ by ESI group of France is used. CFD-�ACE+ is a general, partial differential equation (PDE) solver
for a broad range of physics disciplines including: flow, heat transfer, stress/�deformation, chemical kinetics, electrochem-
istry, and others. It solves them in multidimensional (0D to 3D), steady and transient form. CFD-�ACE+ is used for complex
multiphysics and multidisciplinary applications. For the current study, the "Flow" module of the software is used. Pressure
simulation by using the "Flow" module of CFD-�ACE+ simulator matches experimental results quite well. Table 1 shows
comparison of simulation and experimental results for a reactor described in Figure 1B with a slotted plasma confinement
ring described in Figure 2. In Table 1, the pump pressure refers to the pressure set value for pump 111 of Figure 1B.
The chamber inner radius is 27 cm and the distance between the wafer 110 and the lower surface of the top electrode
125 is 3.2 cm. The chamber pressure data are collected at 6.8 cm away from the wafer center and right above the wafer.
The below-�ring pressure data are collected right beneath the slotted confinement ring. The results show a good match
between the simulated and experimental results. The results also show that the slotted confinement ring has relatively
high flow resistance and increase the pressure inside the reaction chamber significantly above the pressure set value.�

�[0049] The chamber plasma density simulation uses the hybrid plasma equipment model (HPEM), developed by the
Department of Electrical and Computer Engineering of University of Illinois at Urbana- �Champaign, Urbana, Illinois. The
HPEM is a comprehensive modeling platform for low pressure (< several Pascals (10’s Torr)) plasma processing reactors.
Details about plasma density simulation by this simulator can be found in an article, titled "Argon Metastable Densities
In Radio Frequency Ar, Ar/O2 and Ar/CF4 Electrical Discharges", published in pages 2805-2813 of Journal of Applied
Physics, volume 82 (6), 1997. The plasma simulator is widely used in the semiconductor equipment industry. Our
experience shows that plasma simulation of process parameter variation by HPEM matches the process results quite well.
�[0050] For the annular ring design, the simulation includes gap width 117 from 12.70 mm (0.5 inch) to 76.20 mm (3
inch). The process condition simulated resembles the contact etch and deep trench etch mentioned previously. High
gas flow rate of 1500 sccm is used to simulate high gas flow rate. The process gas only includes O2, instead of including
other types of process gases, such as C4F6 and argon (Ar), to simplify the simulation. For plasma confinement study
that compares degree of plasma confinement as a function of the gap width 117, using only O2 gas in simulation could
provide learning of the impact of the gas distance 117 on plasma confinement. The top electrode power (or source
power) simulated is 1.85 KW and the gas temperature is 80°C. The total source power is 1.85 kW. The top electrode
voltage (or source voltage), Vs, is typically between about 100 to about 200 volts. 175 volts of Vs has been used in the
simulation. The radius of the substrate (or wafer) is 15 cm or 15,24 cm (6 inch) and the spacing between the top electrode

Table 1 Experimental and simulated chamber pressure and below-�ring pressure comparison (1mTorr = 0.133 Pa).

Gas Flow 
(sccm)

"Set" Pump 
Pressure 
(mTorr)

Measured 
Chamber 
Pressure 
(mTorr)

Simulated 
Chamber 
Pressure 
(mTorr)

Measured 
Below- �Ring 

Pressure 
(mTorr)

Simulated 
Below- �Ring 

Pressure 
(mTorr)

2000 40 55.6 58.8 40.2 43.5

900 10 21.5 25.0 11.6 14.5

900 40 46.5 49.3 40.2 41.6
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to the substrate is 3.2 cm (or 1.25 inch). The radius of inner chamber wall 128 is 27 cm (or 10.6 inch). The width of the
dielectric ring 120 is 2.2 cm (or 0.87 inch) and the width of the annular plasma confinement ring 115 simulated varies
between 8.5 cm (or 3.3 inch) to 2.2 cm (or 0.9 inch). The spacing between the annular confinement ring 115 with the
inner chamber wall 128 simulated varies between 1.3 cm (or 0.5 inch) to 7.6 cm (or 3.0 inch).
�[0051] Figure 3C shows plasma simulation results for the plasma chamber described in Figures 1 with an annular ring
115 described in Figure 3A. In a low pressure plasma chamber, pressure and plasma density are not completely uniform
across the entire chamber. The pressure is typically higher near the center of the wafer, lower near the wafer edge, and
reaches the pump pressure set point at the pump. The pressure data in Figure 3C are pressure at intersection of the
chamber wall and the wafer top surface plane, or location "P" in Figure 3A. In order to quantify the degree of confinement
level, a plasma density ratio is defined as the ratio of maximum plasma density below line 116, which is extended along
right below the top section of the annular ring 115, to the maximum plasma density in the process chamber, which occurs
in the volume between the wafer surface and the overhead aluminum electrode 125. The lower the plasma density ratio,
the better the plasma confinement ring has performed in confining plasma.
�[0052] The dashed line 301 in Figure 3C shows the 4,69 Pa (35.3 mTorr) chamber pressure for the slotted confinement
ring design. Dashed line 302 in Figure 3C shows the 0.004 plasma density ratio obtained for the slotted confinement
ring design. The 35.3 mTorr chamber pressure and 0.004 plasma density ratio are both obtained from simulation results.
Since slotted ring design does not vary the gap width 117, the dashed lines 301 and 302 are horizontal lines. Curve 311
shows chamber pressure as a function of gap width 117, while curve 312 shows plasma density ratio as a function of
gap width 117. For annular ring design at 12.70 mm (0.5 inch) gap width, the chamber pressure is found to be 4,76 Pa
(35.8 mTorr), which is higher than the slotted confinement ring design, and the plasma density ratio is 0.00013, which
is lower than the slotted confinement ring design. Although the lower plasma density ratio is desirable, the higher chamber
pressure is not. When the gap width 117 is increased to 25.40 mm (1 inch), the chamber pressure reduces to 3,71 Pa
(27.9 mTorr), which is lower than the slotted ring design and lower than the low pressure requirement of < 4 Pa (30
mTorr) for front end process, and the plasma density ratio is 0.002, which is still lower than the slotted ring design. When
the gap width 117 is increased to 38.10 mm (1.5 inch), the chamber pressure further reduces to 3.48 Pa (26.2 mTorr),
and the plasma density ratio is 0.023, which is higher than the slotted ring design but is still relatively low. As the gap
width 117 increases beyond 38.10 (1.5 inch), the effect of the wider gap width 117 in lowering the chamber pressure is
reduced; however, the plasma density ratio continues to increases.
�[0053] Table 2 shows comparison of simulation results for a reactor described in Figure 1B with a slotted plasma
confinement ring described in Figure 2 and an annular plasma confinement ring described in Figure 3A. The gap distance
between the annular ring to the chamber walls 128 is 25.4 mm (1 inch). In Table 2, the pump pressure refers to the
pressure set value for pump 111 of Figure 1B. The chamber inner radius is 27 cm and the distance between the wafer
110 and the lower surface of the top electrode 125 is 3.2 cm. The chamber pressure data are collected at 6.8 cm away
from the wafer center and right above the wafer. The below-�ring pressure data are collected right beneath the slotted
confinement ring or the annular ring. The results show that the chamber pressure is higher for the slotted plasma
confinement ring than the annular plasma confinement ring. In addition, the pressure difference between the chamber
and below the confinement ring is higher for the slotted ring (∆P = (2.03 Pa (15.3 mTorr)) than the annular ring (∆P =
1.25 Pa (9.4 mTorr)).�

�[0054] Figure 3D shows the simulation result of plasma density in the process chamber when the gap width 117 is
12.70 mm (0.5 inch), wherein the plasma density ratio is 0.00013. The X- �axis is the distance from the center of the
process chamber and the Y-�axis the distance from 3.9 cm below the top surface of the substrate support 105. The results
show that the plasma is relatively confined within the region above the substrate. Unfortunately, the chamber pressure
is 4.76 Pa (35.8 mTorr), which is higher than the specification of ≤ 4 Pa (30 mTorr). Figure 3E shows the simulation
result of plasma density in the process chamber when the gap width 117 is 76.20 mm (3 inch), wherein the plasma
density ratio is 0.12. The results show that there is a significant plasma loss to the reactor downstream.
�[0055] The simulation results in Figure 3C show that as the gap width 117 increases, the resistance to the flow
decreases, hence the wafer pressure decreases. While with increase in gap width 117, more plasma penetrates down-

Table 2 Comparison of simulated chamber pressure and below-�ring pressure for slotted confinement ring and annular 
ring with 25.4 mm (1 inch) gap distance from the chamber walls (1 mTorr = 0.133 Pa).

Gas Flow 
(sccm)

"Set" Pump 
Pressure 
(mTorr)

Chamber 
Pressure 

(mTorr) Slotted 
Ring

Chamber 
Pressure 
(mTorr) 

Annular Ring

Below- �Ring 
Pressure 

(mTorr) Slotted 
Ring

Below- �Ring 
Pressure 

(mTorr) Annular 
Ring

2000 40 58.8 54.1 43.5 44.7
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stream the confinement ring, hence, the plasma density ratio increases. In order to keep the chamber pressure ≤ 4 Pa
(30 mTorr), the gap width 117 should be equal to or greater than about 20.32 mm (0.8 inch), according to simulation
results in Figure 3B. However, the gap width 117 cannot be too large, since large gap width 117 results in higher plasma
loss to the downstream. As described earlier, as the gap width 117 increases beyond 38.10 mm (1.5 inch), the effect of
the wider gap width 117 in lowering the chamber pressure is not significant; however, the plasma density ratio continues
to increases. The plasma density ratio at gap width 117 of 38.10 mm (1.5 inch) is 0.023, which is reasonably low.
Therefore, the gap width 117 should be kept below 38.10 mm (1.5 inch).
�[0056] To further improve the plasma confinement, the concept of lowering the top electrode voltage to reduce voltage
drop between the top electrode 125 and chamber walls 128 has been investigated. Typically, the source power is mainly
supplied through the top electrode at a source voltage, Vs. If the top electrode voltage is lower at a fraction, f, of the
source voltage at fVs and the cathode, which is formed by the substrate support 105 and the wafer 110 during substrate
processing maintains a voltage of-(1-�f) �Vs, the voltage difference between the top electrode 125 and the cathode, which
is formed by the substrate support 105 and the wafer 110 during substrate processing, is kept at the same voltage value,
Vs, but the voltage difference between the top electrode 125 and the grounded chamber walls 128 will be lowered to
fVs. Lower voltage difference between the top electrode 125 and the ground chamber walls 128 would reduce the amount
of plasma being drawn to the chamber walls 128. The way to supply the source power at a lower top electrode voltage,
fVs, and to maintain the cathode at a negative phase from the top electrode at -(1-�f)�Vs is by adjusting the impedance of
chamber components associated with the top electrode 125, the cathode, which is formed by the substrate support 105
and the wafer 110 during substrate processing, and chamber walls 128. When the wafer 110 is not present in the chamber
during processing, the substrate support 105 forms the cathode. Details of how to adjust the impedance of the chamber
components to lower the top electrode voltage will be described below.
�[0057] Figure 4A shows the relative voltage values of top electrode 125 (or source) and cathode (substrate support
105 along with the wafer 110 during substrate processing), which is grounded. Figure 4B shows the relative voltage
values of top electrode 125 and chamber walls 128, which is grounded. The X axes in both figures represent the spaces
between the top electrode 125 and the cathode, which is formed by the substrate support 105 and the substrate 110,
or inner surfaces chamber walls 128. The distances of X-�axes are not to scale. The top electrode voltage oscillates
between +Vs and -Vs, while cathode and chamber walls stay at 0 (ground). The bulk of the plasma has a voltage that
is higher than the top electrode by Vo, which is much smaller than Vs. Curve 401 represents the voltage between the
top electrode 125 and cathode, which is formed by the substrate support 105 and the wafer 110 during substrate
processing, when the top electrode voltage is at +Vs. The voltage difference 411 between the top electrode 125 and the
cathode when the top electrode voltage is at +Vs equals to Vs. Dashed curve 402 represents the voltage between the
source and the cathode when the source voltage is at -Vs. The voltage difference 412 between the top electrode 125
and the cathode when the top electrode 125 voltage is at -Vs equals to -Vs.
�[0058] Similarly in Figure 4B, curve 403 represents the voltage between the source and chamber walls when the top
electrode 125 voltage is at +Vs. The voltage difference 413 between the top electrode 125 and the chamber walls 128
when the top electrode voltage is at +Vs equals to Vs. Dashed curve 404 represents the voltage between the top electrode
125 and the chamber walls 128 when the source voltage is at -Vs. The voltage difference 414 between the top electrode
125 and the chamber walls 128 when the top electrode voltage is at -Vs equals to -Vs.
�[0059] By tuning impedance of the substrate support 105 and the impedance of the dielectric seal 130, which will be
described below in more depth, the source voltage supplied to the top electrode can be reduced to a fraction of the total
source voltage, such as half (Vs/�2), while the cathode voltage is maintained at a negative phase of the top electrode to
make up the difference, such as -Vs/ �2. The plasma process does not change, since the voltage difference between the
source and cathode is still Vs or -Vs. Figure 4C shows the relative values of top electrode 125 and the cathode (not
grounded). The top electrode voltage oscillates between +Vs/ �2 and -Vs/ �2, while cathode voltage oscillates between -Vs/
2 and Vs/ �2 correspondingly. Curve 405 represents the voltage value between the electrode and cathode when the top
electrode voltage is at +Vs/ �2. The voltage difference 415 between the top electrode 125 and cathode, which is formed
by the substrate support 105 and the wafer 110, when the top electrode 125 voltage is at +Vs/ �2 equals to Vs. Dashed
curve 406 represents the voltage between the top electrode 125 and the cathode when the source voltage is at -Vs/ �2.
The voltage difference 416 between the top electrode 125 and the cathode when the source voltage is at -Vs/ �2 equals
to -Vs.
�[0060] In Figure 4D, curve 407 represents the voltage between the top electrode and chamber walls (grounded) when
the top electrode voltage is at +Vs/ �2. The voltage difference 417 between the top electrode and chamber walls (grounded)
when the top electrode voltage is at +Vs/ �2 equals to Vs/�2. Dashed curve 408 represents the voltage between the top
electrode and the chamber walls when the top electrode voltage is at -Vs/ �2. The voltage difference 418 between the top
electrode and the chamber walls when the top electrode voltage is at -Vs/ �2 equals to -Vs/ �2. By tuning the impedance of
the cathode to lower the voltage at the top electrode, the voltage difference between the top electrode and the chamber
walls could be reduced to half of the original value. Since the voltage difference between the top electrode and the
cathode is larger (Vs) than the voltage difference between the top electrode and the chamber walls (Vs/ �2), the plasma
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ions are more likely to stay in the region between the top electrode and the cathode than get pulled to the chamber walls.
�[0061] In addition to lower voltage difference, the amount of power that could be lost due to un-�confined plasma is
also reduced to 1/4. The equation 1 below shows the relationship between P (power) and voltage difference between
the top electrode to the chamber walls when the top electrode voltage is Vs. 

�[0062] The equation 2 below shows the relationship between P (power) and voltage difference between the top
electrode to the chamber walls when the top electrode voltage is only Vs/ �2. 

By lowering the top electrode voltage to half, the power available to lose to the chamber wall is lowered to a quarter of
the original value.
�[0063] Lowering top electrode voltage by a voltage ratio and supplying the remaining voltage supplied to the top
electrode at a negative phase to the substrate support reduces the amount of plasma got attracted to the grounded
chamber walls and thus improves plasma confinement. This method of plasma confinement is called impedance con-
finement. The fraction of total source voltage used in the discussion above is 1/2; however, other fraction values can
also be used and could also improve plasma confinement. The fraction of source voltage supplied at the top electrode
can also be defined as "voltage ratio". Figure 5A is a graph of the plasma density simulation result of voltage ratios of
1, 0.75, 0.5 and 0.25. The pressure at the pump entry of the simulation process is 1.33 Pa (10 mTorr) and the total
source power is 1.85 kW. The spacing between the annular confinement ring 115 with the inner chamber wall simulated
is 38.10 mm (1.5 inch) (or 3.8 cm). Curve 501 shows that as the voltage ratio decreases from 1, the plasma density ratio
is reduced. The plasma density ratio of 0.001 is lowest when the voltage ratio is at 0.5. However, plasma density ratio
of 0.003 when the voltage ratio is at 0.25 and plasma density ratio of 0.008 when the voltage ratio is at 0.75 are both
lower than the plasma density ratio when the voltage ratio is 1.
�[0064] Figure 5B shows the simulation result of plasma density of 0.023 in the process chamber when the voltage
ratio is 1 (or source voltage is completely supplied at the top electrode). The simulation results show significant amount
of plasma are outside the region above the substrate. Figure 5C shows the simulation result when the voltage ratio is
reduced to 0.5. The results show that plasma is mostly confined near the region above the substrate surface. Referring
back to Figure 3B, with gap width of 38.10 (1.5 inch), the pressure of the chamber can be maintained at about 3,48 Pa
(26.2 mTorr), which is below 4 Pa (30 mTorr) as targeted. According to Figure 5A, to achieve the same plasma confinement
results as the slotted confinement ring, which achieves plasma density ratio of 0.004, the voltage ratio can be operated
between about 0.2 to about 0.6. However, when plasma density ratio is ≤ 0.01, the plasma confinement is considered
quite reasonable. Therefore, the voltage ratio could be operated between about 0.1 to about 0.75, according to simulation
results in Figure 5A.
�[0065] The combined usage of annular plasma confinement ring and impedance confinement achieves good plasma
confinement and lower chamber pressure as desired for the front end processes with a wide process window. The
annular ring gap width 117 could be between about 20.32 mm (0.8 inch) to about 38.10 mm (1.5 inch) and the voltage
ratio for impedance confinement could be between about 0.1 to about 0.75 and preferably between about 0.2 to about 0.6.
�[0066] In addition to plasma confinement improvement, lowering the voltage ratio also reduces the power loss outside
the process region. Figure 5D shows the simulation results of power deposition, which is defined as power per volume
or power density, in the process chamber when the voltage ratio is maintained at 1. The results show significant power
deposition outside the process region, which is above the substrate surface or the region within 15 cm from the center
of the reactor. In contrast, Figure 5E shows the power deposition of the process chamber when the voltage ratio is 0.5.
The power loss outside the process region is much reduced, compared to Figure 5D.
�[0067] Figure 6 is a simplified schematic diagram representing the impedance components of the reactor 100 of Figure
1, showing the overhead electrode 125, which has an impedance Z1. The electrode 125 is connected to the dielectric
seal 130, which acts like a capacitor and has an impedance Z6.
�[0068] The cathode is formed by the substrate support 105, which has dielectric layers 5520 and 5510, and the wafer
110 during substrate processing, and the cathode has an impedance Z5. If the wafer 110 is not present during processing,
the substrate support 105 is the cathode. In addition to the overhead electrode 125 impedance Z1 and cathode impedance
Z5, the bulk plasma also has impedance Z3. In addition, there is an anode plasma sheath represented by an equivalent
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capacitor with impedance Z2 in series between the electrode impedance Z1 and the bulk plasma impedance Z3. Fur-
thermore, a cathode plasma sheath is represented by an equivalent capacitor with impedance Z4 in series between the
bulk plasma impedance Z3 and the cathode impedance Z5.
�[0069] Equation 3 shows the relationship between impedance (Z), resistance (R) and capacitance reactance (Xc). "j"
in equation 3 is an imaginary number. 

Equation 4 shows the relationship between the capacitance reactance (Xc) and capacitance C. 

where f is the frequency of the source power and C is the capacitance.
�[0070] Figure 6 shows that the top electrode 125, anode plasma sheath, plasma, cathode plasma sheath, and cathode
are in serial and these impedance components are in parallel with the dielectric seal 130. Equation 5 shows the total
impedance, Ztotal. 

�[0071] Since the top electrode is typically made of conductive material, its impedance Z1 is mainly made of the
resistance of the top electrode. Z2, Z3 and Z4 are affected by the plasma. However, impedance Z5 and Z6 can be adjusted
by changing the thicknesses and dielectric constants of the dielectric layers of the substrate support 105, and the dielectric
seal 130. The magnitude of the cathode impedance can be affected the cathode capacitance. Z5 and Z6 can be adjusted
to allow supplying the top electrode 125 at a fraction of conventional source voltage, fVs, and maintaining the cathode
at a voltage of negative phase from the top electrode, -(1-�f)�Vs.
�[0072] While the foregoing is directed to embodiments of the invention, other and further embodiments of the invention
may be devised without departing from the basic scope thereof, and the scope thereof is determined by the claims that
follow.

Claims

1. An apparatus configured to confine a plasma within a processing region in a plasma processing chamber adapted
for a 15 cm radius wafer or a 15,24 cm radius wafer, comprising:�

an annular ring (115) around a substrate support (105), wherein there is a gap between the annular ring and
process chamber walls with gap width (117) equal to or greater than about 20.32 mm (0.8 inch) and not greater
than 38.10 mm (1.5 inch), and wherein the thickness of a top layer of the annular ring (115) is between 3.18
mm (1/8 inch) and 6.35 mm (1/4 inch).

2. The apparatus according to claim 1, configured to confine a plasma within a substrate processing region during
processing a substrate (110) in a plasma processing chamber, further comprising:�

a substrate support (105) having one or more dielectric layers (5510, 5520); and
a dielectric seal (130) around a top electrode (125) wherein impedances of the dielectric seal and the substrate
support (105) are adapted for lowering a voltage supplied to the top electrode to a voltage ratio of a source
voltage and for supplying the remaining voltage at a negative phase at the substrate support.

3. The apparatus of claim 2, wherein the dielectric seal (130), the substrate support (105) or a combination thereof,
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are adapted to adjust the voltage ratio by adjusting their impedances

4. The apparatus according to any of claims 2 to 3, wherein a chamber pressure is maintained at less than 4Pa (30
mTorr) when the total gas flow rate is equal to or less than 1500 sccm during processing.

5. The apparatus according to any of claims 2 to 4, wherein the annular ring (115) is adapted to confine the plasma,
and/or the top electrode is adapted to confine the plasma by lowering the voltage supplied to it during plasma
processing (125) to a voltage ratio of the source voltage.

6. The apparatus according to any of claims 1 to 5, wherein the pressure in the plasma processing chamber decreases
with an increase of the gap width (117) during plasma processing.

7. A method of confining a plasma within a substrate processing region during substrate processing in a plasma
processing chamber adapted for a 15 cm radius wafer or a 15,24 cm radius wafer, comprising: �

placing a substrate (110) on a substrate support (105) in a plasma processing chamber with a top electrode
(125), wherein the substrate support has an annular ring (115) around it and there is a gap between the annular
ring and process chamber walls (128) with gap width (117) equal to or greater than 20.32 mm (0.8 inch) and
not greater than 38.10 mm (1.5 inch);
flowing process gas�(es) into the plasma chamber; and
creating a plasma in the plasma process chamber, wherein the thickness of a top layer of the annular ring is
between about 3.18 mm (1/8 inch) to about 6.35 mm (1/4 inch).

8. The method according to claim 7, wherein the plasma is confined by the annular ring.

9. The method according to claim 7, wherein

there is a dielectric seal around the top electrode; and further comprising:�

flowing process gas �(es) into the plasma chamber; and
creating a plasma in the plasma process chamber by supplying a voltage ratio of a source voltage at the
top electrode (125) and the remaining voltage at a negative phase at the substrate and the substrate support.

10. The method according to any of claims 7 or 9, wherein the pressure in the plasma processing chamber decreases
with an increase of the gap width (117) during plasma processing.

11. The method according to any of claims 7 or 9 to 10, wherein the chamber pressure is maintained at less than 4Pa
(30 mTorr) when the total gas flow rate is equal to or less than 1500 sccm during processing.

12. The method according to any of claims 9 to 11, wherein the plasma is confined by the annular ring (115) and/or by
lowering the voltage supplied to the top electrode to a voltage ratio of the source voltage during plasma processing.

13. The method according to any of claims 7 to 12, wherein the voltage ratio is between 0.1 to 0.75.

14. The method according to any of claims 7 to 12, wherein the voltage ratio is between 0.2 to 0.6.

15. The method according to any of claims 12 to 14, wherein the voltage ratio is adjusted by adjusting the impedances
of the dielectric seal and the substrate support.

Patentansprüche

1. Vorrichtung konfiguriert um ein Plasma innerhalb einer Bearbeitungsumgebung in einer Plasma-�Bearbeitungskam-
mer, die für einen Wafer mit einem Radius von 15cm oder 15,24 cm angepasst ist, zu begrenzen, umfassend: �

einen ringförmigen Ring (115) um einen Substrathalter (105), wobei es einen Abstand zwischen dem ringför-
migen Ring und den Bearbeitungskammerwänden gibt mit einer Abstandsweite größer oder gleich ungefähr
20.32 mm (0.8 inch) und nicht größer als 38.10 mm (1.5 inch), und wobei die Dicke einer oberen Schicht des
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ringförmigen Ringes (115) zwischen 3.18 mm (1/8 inch) und 6.35 mm (1/4 inch) liegt.

2. Vorrichtung gemäß Anspruch 1, konfiguriert um ein Plasma in einer Substrat-�Bearbeitungsumgebung während der
Bearbeitung eines Substrates (110) in einer Plasma- �Bearbeitungskammer zu begrenzen, ferner umfassend:�

einen Substrathalter (105) mit einer oder mehreren dielektrischen Schichten (5510, 5520); und
eine dielektrische Abdichtung (130) um eine obere Elektrode (125), wobei die Impedanzen der dielektrischen
Abdichtung und des Substrathalters (105) angepasst sind, die Spannung zu verringern, die der oberen Elektrode
in einem Spannungsverhältnis zu einer Quellspannung zugeführt wird und die verbleibende Spannung in einer
negativen Phase dem Substrathalter zuzuführen.

3. Vorrichtung gemäß Anspruch 2, wobei die dielektrische Abdichtung (130), der Substrathalter (105) oder eine Kom-
bination derselben angepasst sind, das Spannungsverhältnis durch eine Regulierung ihrer Impedanzen zu regulie-
ren.

4. Vorrichtung gemäß einem der Ansprüche 2 bis 3, wobei ein Kammerdruck von unter 4 Pa (30 mTorr) erhalten wird,
wenn die gesamte Gasflussrate kleiner oder gleich 1500 sccm während der Bearbeitung ist.

5. Vorrichtung gemäß einem der Ansprüche 2 bis 4, wobei der ringförmige Ring (115) angepasst ist, das Plasma zu
begrenzen, und/�oder die Impedanz zur Verringerung der Spannung, die dieser während der Plasmabearbeitung in
einem Spannungsverhältnis zu einer Quellspannung zugeführt wird, angepasst ist, das Plasma zu begrenzen.

6. Vorrichtung gemäß einem der Ansprüche 1 bis 5, wobei sich der Druck in der Plasma- �Bearbeitungskammer mit
zunehmender Abstandsweite (115) während der Plasmabearbeitung verringert.

7. Methode um ein Plasma innerhalb einer Substrat- �Bearbeitungsumgebung während der Substratbearbeitung in einer
Plasma-�Bearbeitungskammer, die für einen Wafer mit einem Radius von 15 cm oder 15,24 cm angepasst ist, zu
begrenzen, umfassend:�

Platzieren eines Substrates (110) auf einem Substrathalter (105) in einer Plasma-�Bearbeitungskammer mit
einer oberen Elektrode (125), wobei der Substrathalter einen ringförmigen Ring (115) um sich hat und es einen
Abstand zwischen dem ringförmigen Ring und den Bearbeitungskammerwänden (128) gibt mit einer Abstands-
weite größer oder gleich 20.32 mm (0.8 inch) und nicht größer als 38.10 mm (1.5 inch);
Einströmen eines Bearbeitungsgases/von Bearbeitungsgasen in die Plasma- Kammer; und
Erzeugen eines Plasmas in der Plasma-�Kammer, wobei die Dicke einer oberen Schicht des ringförmigen Ringes
zwischen ungefähr 3.18 mm (1/8 inch) und ungefähr 6.35 mm (1/4 inch) liegt.

8. Methode gemäß Anspruch 7, wobei das Plasma durch den ringförmigen Ring begrenzt wird.

9. Methode gemäß Anspruch 7, wobei es eine dielektrische Abdichtung um die obere Elektrode gibt; und weiter
umfassend:�

Einströmen eines Bearbeitungsgases/ von Bearbeitungsgasen in die Plasma-�Kammer; und
Erzeugen eines Plasmas in der Bearbeitungskammer durch Zuführen eines Spannungsverhältnisses einer
Quellspannung an die obere Elektrode und durch Zuführen der restlichen Spannung zu dem Substrat und dem
Substrathalter in einer negativen Phase.

10. Methode gemäß einem der Ansprüche 7 oder 9, wobei sich der Druck in der Plasma-�Bearbeitungskammer mit
zunehmender Abstandsweite (117) während der Plasmabearbeitung verringert.

11. Methode gemäß einem der Ansprüche 7 oder 9 bis 10, wobei der Kammerdruck von unter 4 Pa (30 mTorr) erhalten
wird, wenn die gesamte Gasflussrate kleiner oder gleich 1500 sccm während der Bearbeitung ist.

12. Methode gemäß einem der Ansprüche 9 bis 11, wobei das Plasma begrenzt wird durch den ringförmigen Ring (115)
und/ �oder durch Verringern der Spannung, die der oberen Elektrode in einem Spannungsverhältnis zur Quellspan-
nung während der Plasmabearbeitung zugeführt wird.

13. Methode gemäß einem der Ansprüche 7 bis 12, wobei das Spannungsverhältnis zwischen 0.1 und 0.75 liegt.
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14. Methode gemäß einem der Ansprüche 7 bis 12, wobei das Spannungsverhältnis zwischen 0.2 und 0.6 liegt.

15. Methode gemäß einem der Ansprüche 12 bis 14, wobei das Spannungsverhältnis durch eine Regulierung der
Impedanzen der dielektrischen Abdichtung und des Substrathalters reguliert wird.

Revendications

1. Appareil configuré pour confiner un plasma au sein d’une région de traitement dans une chambre de traitement par
plasma adaptée à une plaquette de 15 cm de rayon ou une plaquette de 15,24 cm de rayon, comprenant :�

une bague annulaire (115) autour d’un support de substrat (105), un interstice existant entre la bague annulaire
et les parois de la chambre de traitement avec une largeur d’interstice (117) égale ou supérieure à environ
20,32 mm (0,8 pouce) et pas supérieure à 38,10 mm (1,5 pouce); l’épaisseur d’une couche supérieure de la
bague annulaire (115) étant comprise entre 3,18 mm (1/8 de pouce) et 6,35 mm (1/4 de pouce).

2. Appareil selon la revendication 1, configuré pour confiner un plasma au sein d’une région de traitement de substrat
au cours du traitement d’un substrat (110) dans une chambre de traitement par plasma, comprenant en outre : �

un support de substrat (105) ayant une ou plusieurs couches diélectriques (5510, 5520) ; et
un joint diélectrique (130) autour d’une électrode supérieure (125), les impédances du joint diélectrique et du
support de substrat (105) étant adaptées à abaisser une tension fournie à l’électrode supérieure jusqu’à une
fraction de la tension d’une source de tension et à fournir la tension restante, à une phase négative, au support
de substrat.

3. Appareil selon la revendication 2, dans lequel le joint diélectrique (130), le support de substrat (105), ou une com-
binaison de ceux- �ci, sont adaptés à ajuster la fraction de tension en ajustant leurs impédances.

4. Appareil selon l’une quelconque des revendications 2 ou 3, dans lequel une pression de chambre est maintenue à
moins de 4 Pa (30 mTorr) lorsque le débit total de l’écoulement de gaz est égal ou inférieur à 1500 cm3/min au
cours du traitement.

5. Appareil selon l’une quelconque des revendications 2 à 4, dans lequel la bague annulaire (115) est adaptée à
confiner le plasma, et/ou l’impédance pour abaisser la tension fournie à l’électrode supérieure (125) jusqu’à une
fraction de la tension d’une source de tension au cours du traitement par plasma est adaptée à confiner le plasma.

6. Appareil selon l’une quelconque des revendications 1 à 5, dans lequel la pression dans la chambre de traitement
par plasma décroît lorsqu’augmente la largeur (117) de l’interstice au cours du traitement par plasma.

7. Procédé pour confiner un plasma au sein d’une région de traitement de substrat, au cours du traitement par plasma,
dans une chambre de traitement par plasma adaptée à une plaquette de 15 cm de rayon ou une plaquette de 15,24
cm de rayon, comprenant :�

la mise en place d’un substrat (110) sur un support de substrat (105) dans une chambre de traitement par
plasma avec une électrode supérieure (125); le support de substrat ayant, autour de lui, une bague annulaire
(115) et un interstice existant entre la bague annulaire (115) et les parois (128) de la chambre de traitement,
la largeur (117) de l’interstice étant égale ou supérieure à 20,32 mm (0,8 pouce) et pas supérieure à 38,10 mm
(1,5 pouce) ;
l’écoulement d’un ou de gaz de traitement dans la chambre à plasma ; et
la création d’un plasma dans la chambre de traitement par plasma, l’épaisseur de la couche supérieure de la
bague annulaire étant comprise entre environ 3,18 mm (1/8 de pouce) et environ 6,35 mm (1/4 de pouce).

8. Procédé selon la revendication 7, dans lequel le plasma est confiné par la bague annulaire.

9. Procédé selon la revendication 7, dans lequel

un joint diélectrique est placé autour de l’électrode supérieure ; le procédé comprenant en outre
l’écoulement d’un ou de gaz de traitement dans la chambre à plasma ; et
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la création d’un plasma dans la chambre de traitement par plasma par fourniture d’une fraction de la tension
d’une source de tension à l’électrode supérieure (125) et la tension restante, à une phase négative, au substrat
et au support de substrat.

10. Procédé selon l’une quelconque des revendications 7 à 9, dans lequel la pression dans la chambre de traitement
par plasma décroît lorsqu’augmente la largeur (117) de l’interstice au cours du traitement par plasma.

11. Procédé selon l’une quelconque des revendications 7 ou 9 ou 10, dans lequel la pression dans la chambre est
maintenue à moins de 4 Pa (30 mTorr) lorsque le débit total de l’écoulement de gaz est égal ou inférieur à 1500
cm3/min au cours du traitement.

12. Procédé selon l’une quelconque des revendications 9 à 11, dans lequel le plasma est confiné par la bague annulaire
(115) et/ou en abaissant la tension fournie à l’électrode supérieure jusqu’à une fraction de la tension d’une source
de tension au cours du traitement par plasma.

13. Procédé selon l’une quelconque des revendications 7 à 12, dans lequel la fraction de tension est comprise entre
0,1 et 0,75.

14. Procédé selon l’une quelconque des revendications 7 à 12, dans lequel la fraction de tension est comprise entre
0,2 et 0,6.

15. Procédé selon l’une quelconque des revendications 12 à 14, dans lequel la fraction de tension est ajustée en ajustant
les impédances du joint diélectrique et du support de substrat.
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